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(54) IONICALLY CONDUCTIVE POLYMER, POLYMER ELECTROLYTE, AND ELECTRICAL DEVICE 

(57) A polymeric electrolyte which is improved in a transport rate of charge carrier ions by containing a boron atom- 
containing polymeric compound and an electric device using the same are provided. 

As the boron-containing polymeric compound, any of the following (A) to (D) can be used. 

(A) Compound represented by the following general formula (1 ) 




(1 ) 



wherein X represents a hetero-atom, Ft represents a divalent to hexavalent group having a molecular weight 
of at least 150, m represents an integer of 1 to 5, and n represents a recurring number of 1 or more. 
(B) Compound obtained by crosslinking a compound represented by the following general formula (7) 
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(7) 



wherein X represents a hetero-atom, R-represents a divalent group having a molecular weight of at least 150 , 
and Y represents a polymerizable functional group. 

(C) Compound in which a boron atom is present in, for example, a polymeric side chain, preferably in an end of a 
polymeric main chain and/or a polymeric side chain as a part of a boron compound, more preferably in an end of 
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a polymeric side chain as a part of an organoboron compound. 
(D) Tetravalent boron-containing polymeric compound. 
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Description 
Technical Field 

[0001] The present invention relates to a novel ion -conductive polymeric compound, a polymeric electrolyte and an 
electric device using the same. 

Background of the Invention 

[0002] According to the development of cells having a high voltage and a high capacity, a large number of various 
polymeric electrolytes have been proposed. However, polymeric electrolytes have an ionic conductivity which is lower 
than that of aqueous electrolytes by more than one figure. Further, for example, a polymeric electrolyte using polyeth- 
ylene glycol has defects that It is low in transfer and transport rates of charge carrier ions. Thus, attempts of improvement 
have been made by using various methods. 

[0003] In view of the foregoing, the invention has been made, and It aims to provide a polymeric electrolyte which is 
improved in a transport rate of charge carrier ions. Moreover, the invention provides a novel ion-conductive polymeric 
compound used in the polymeric electrolyte, and further an electric device such as a cell or the like, which is improved 
in performance by using the polymeric electrolyte. 

Disclosure of the Invention 

[0004] The present inventors have assiduously conducted investigations to solve the problems, and have conse- 
quently found that dissociation of an electrolytic salt can be expedited by using a polymeric compound having a trivalent 
boron atom in the structure (hereinafter referred to as a trivalent boron-containing polymeric compound or an ion- 
conductive polymeric compound) which is a Lewis acid and a transport rate of charge carrier ions can be controlled 
by trapping counter ions of charge carrier ions in the polymeric chain. 

[0005] Further, it has been found that a transport rate of charge carrier ions is also improved by incorporating a 
polymeric compound containing a tetravalent boron atom (hereinafter referred to as a tetravalent boron-containing 
polymeric compound) in a polymeric electrolyte. 

[0006] The invention is based on these findings. That is, in the ion-conductive polymeric compound of the invention, 
one or more trivalent boron atoms are present in the polymeric structure. Specific examples thereof include the following 
three. 

[0007] The first compound is represented by the following general formula (1). 



< 1 >. 
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[0008] In formula (1), X represents a hetero-atom, R represents a divalent to hexavalent group having a molecular 
weight of at least 1 50, m represents an integer of 1 to 5, and n represents a recurring number of 1 or more. 
[0009] The second compound is that obtained by crosslinking a compound represented by the following general 
formula (7). 




(7) 



[0010] In formula (7), X represents a hetero-atom, R represents a divalent group having a molecular weight of at 
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least 150, and Y represents a polymerizable functional group. 

[0011] The third compound Is a compound in which a boron atom Is present in, for example, a poiymeric side chain, 
preferably a compound in which a boron atom is bound to an end of a polymeric main chain and/or a polymeric side 
chain as a part of a boron compound, more preferably a compound in which a boron atom is bound to an end of a 
5 polymeric side chain as a part of an organoboron compound. 

[0012] The first of polymeric electrolytes of the invention contains one or more of the foregoing ion-conductive pol- 
ymeric compounds and an electrolytic salt and further, as required, a nonaqueous solvent. 

[0013] As the electrolytic salt, for example, a lithium salt is used, and as the nonaqueous solvent, for example, an 
aprotic solvent is used. 

10 [0014] Further, the second polymeric electrolyte of the invention contains a tetravalent boron-containing polymer, 
and further, as required, an aprotic solvent and/or an electrolytic salt. 

[0015] Moreover, the electric device of the invention uses any of the polymeric electrolytes. For example, when the 
electric device is a cell, a positive electrode and a negative electrode are linked through any of the polymeric electrolytes. 

15 Best Mode For Carrying Out the Invention 

[0016] Preferable embodiments of the invention are described below. However, the invention is not limited thereto. 

1 . Boron-containing polymeric compound 

20 

(1) First ion-conductive polymeric compound 

[0017] The first of the ion-conductive polymeric compounds of the invention is represented by the following general 
formula (1) as described above. 

25 



[0018] In formula (1), X represents a hetero-atom, R represents a divalent to hexavalent group having a molecular 
weight of at least 150, m represents an integer of 1 to 5, and n represents a recurring number of 1 or more. 
40 [0019] The hetero-atom represented by X in formula (1) is preferably an oxygen atom. The molecular weight of R is 
at least 1 50, preferably at least 1 50 and at most 1 ,700,000. n is preferably at least 1 and at most 1 00. 
[0020] R in formula (1 ) is preferably a polymer or a copolymer of compound (A) represented by the following formula 
(2) and/or compound (B) represented by the following formula (3). 
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compound (B) 
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(3) 



10 [0021] In formula (3), R 1 represents a methyl group, an ethyl group, a propyl group, a butyl group or a group repre- 
sented by the following formula (4). 
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-CH 2 -[-CH 2 CH 2 0-] r -Ra 



formula (4) 



[0022] In formula (4), r is 0 or an integer of 1 or more, and Ra represents a methyl group, an ethyl group, a propyl 
group or a butyl group. 

[0023] The ion-conductive polymeric compound is especially preferably a compound represented by the following 
general formula (5). 



B 




(5). 
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[0024] In formula (5), R represents a divalent group having a molecular weight of at least 150, represented by the 
following formula (6), and n represents a recurring number of 1 or more. 



•CH 2 CH 2 0 
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(6) 
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[0025] In formula (6), R 1 represents a methyl group, an ethyl group, a propyl group, a butyl group or a group repre- 
sented by formula (4), p represents an integer of 0 to 38,000, and q represents an integer of 0 to 28,000, provided p 
and q are not 0 at the same time. 

[0026] The molecular weight of R in formula (5) is preferably at least 150 and at most 1,700,000. The recurring 
number represented by n is preferably at least 5 and at most 1 00. 

(2) Second ton-conductive polymeric compound 

[0027] The second ion-conductive polymeric compound is obtained by crosslinking a compound represented by the 
following general formula (7). 



55 



MMSDOCID: <EP 1160268A1 I > 



5 



EP 1 160 268 A1 



B^j-X R 



(7) 



[0028] In formula (7), X represents a hetero-atom, R represents a divalent group having a molecular weight of at 
least 150, and Y represents a polymerizable functional group. 

[0029] R In general formula (7) is not particularly limited. It is preferably a polymer or a copolymer of compound (A) 
10 represented by formula (2) and/or compound (B) represented by formula (3). 

[0030] The molecular weight of R in formula (7) is at least 150, preferably at least 150 and at most 1,700,000. 
[0031] The compound represented by general formula (7) is especially preferably a compound represented by the 
following general formula (8). 
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[0032] lnformula(8), R represents a divalent group having a molecular weight of at least 150, represented byformula 
(6), and Y represents a polymerizable functional group. The molecular weight of R is preferably at least 150 and at 
most 1 ,700,000. 

[0033] The pofymerizabfe functional group Y in formulas (7) and (8) are not particularly limited. Preferable examples 
thereof include an acrylic residue, a methacryiic residue, an allyl group and a vinyl group. 
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(3) Third ion-conductive polymeric compound 

[0034] The third ion-conductive polymeric compound is, as mentioned above, for example, a compound in which 
one or more boron atoms are present in a polymeric side chain, preferably a compound in which one or more boron 
atoms are bound to an end of a polymeric main chain and/or a polymeric side chain as a part of a boron compound, 
more preferably to an end of a polymeric side chain as a part of an organoboron compound. 

[0035] The third ion-conductive polymeric compound can be obtained by polymerizing a mixture of compounds rep- 
resented by the following general formulas (9) and (1 0). 
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[0036] In formula (9), R 1 represents a divalent group having a molecular weight of at least 100, and R 2 in formula 
(10) represents a divalent group having a molecular weight of at least 150. With respect to the molecular weights of 
the two, preferably, that of R n is at least 1 00 and at most 1 ,700,000, and that of R 2 is at least 1 50 and at most 1 ,700,000. 
[0037] The mixing ratio of the compounds represented by formulas (9) and (10) is 1/99 to 99/1 , preferably 1 0/90 to 
90/1 0 in terms of a weight ratio. 

[0038] R t in formula (9) and/or R 2 in formula (10) is not particularly limited, but preferably a polymer or a copolymer 
of compound (A) represented by formula (2) and/or compound (B) represented by formula (3), most preferably a com- 
pound represented by formula (6). 

[0039] In formulas (9) and (10), Y represents a polymerizable functional group. Preferable examples thereof include 
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a (meth)acrylic residue, an allyl group and a vinyl group, 

[0040] In formula (9), R 11 and R 12 , which may be the same or different, each represent a hydrogen atom, a halogen 
atom or a monovalent group. Examples of the monovalent group include an alkyl group, an alkoxy group, an aryl group, 
an alkenyl group, an alkinyl group, an aralkyl group, a cycloalkyl group, a cyano group, a hydroxyl group, a formyl 
group, an aryloxy group, an alkylthio group, an arylthio group, an acyloxy group, a sulfonyloxy group, an amino group, 
an alkyiamino group, an arylamino group, a carboxyamino group, an oxysulfonylamino group, a sulfonamide group, 
an oxycarbonylamino group, a ureido group, an acyl group, an oxycarbonyl group, a carbamoyl group, a sulfonyl group, 
a sulfinyl group, an oxysulfonyl group, a sulfamoyl group, a carboxylic group, a sulfonic group, a phosphonic group, a 
heterocyclic group, -B(R*)(Rb), - 0 B(Ra)(Rb) and -OSi(R«)(Rb)(Rc). R a, Rb and R* herein each represent a hydrogen 
atom, a halogen atom or a monovalent group. Examples of the monovalent group include an alkyl group, an alkoxy 
group, an aryl group, an alkenyl group, an alkinyl group, an aralkyl group, a cycloalkyl group, a cyano group, a hydroxyl 
group, a formyl group, an aryloxy group, an alkylthio group, an arylthio group, an acyloxy group, a sulfonyloxy group, 
an amino group, an alkyiamino group, an arylamino group, a carboxyamino group, an oxysulfonylamino group, a sul- 
fonamide group, an oxycarbonylamino group, a ureido group, an acyl group, an oxycarbonyl group, a carbamoyl group, 
a sulfonyl group, a sulfinyl group, an oxysuffonyl group, a sulfamoyl group, a carboxylic group, a sulfonic group, a 
phosphonic group, a heterocyclic group and derivatives thereof. Further in formula (9), R 11 and R 12 may be bound to 
each other to form a ring, and this ring may have a substituent. Still further, each group may be substituted with a group 
which can be substituted. 

[0041 ] R 11 and R 1 2 are preferably those selected from the group consisting of an alkyl group, an aryl group, derivatives 
thereof and fluorine-substituted derivatives thereof. 
[0042] Specific examples of -BR 11 R 12 are as follows. 
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[0043] Moreover, In general formula (10), Z represents a residue of an active hydrogen compound. Examples of the 
active hydrogen compound include ethylene glycol, glycerin, trimethylolethane, digfycerin, pentaerythritol and the like, 
k represents an integer of 2 to 6, preferably 2 to 4. 

(4) Tetravalent boron-containing polymer 

[0044] The tetravalent boron-containing polymer used in the invention has preferably a structural unit represented 
by the following general formula (11) in a molecule. 



- Y - 

I (11) 
R-B"(Ra)(Rb)(Rc) Li + 



30 



[0045] In formula (11 ), Y represents a residue of a polymerizable functional group, and R represents a group capable 
of being bound to the polymerizable functional group and the boron atom and having a molecular weight of at least 
40. Ra, Rb and Rc, which may be the same or different, each represent a group capable of being bound to the boron 
atom. 

[0046] In formula (11 ), the residue of the polymerizable functional group represented by Y is not particularly limited. 
Preferable examples thereof include residues of an acryloyl group, a methacryloyl group, an allyl group, a vinyl group 
35 a glycidyl group and the like. 

[0047] In formula (11), R is not particularly limited either. It is preferably an alkyl diol residue, or a polymer or a 
copolymer of compound (A) represented by formula (2) and/or compound (B) represented by formula (3). 
[0048] Further, in formula (11), Ra, Rb and Rc each represent a hydrogen atom, a halogen atom or a monovalent 
group. Examples of the monovalent group are the same as those listed on R 11 and R 12 in formula (9). Ra, Rb and Rc 
in formula (11) may be bound to each other to form a ring, and this ring may have a substituent. Moreover,' each group 
may be substituted with a group which can be substituted. 

[0049] It is preferable that the polymeric compound having the structural unit represented by formula (11) in the 
molecule further has a structural unit represented by the following formula (12) in the molecule. 



40 
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I 

Z — E" R ' ~Y] k (12) 
I 

[0050] In formula (12), Y represents a residue of a polymerizable functional group, Z represents a residue of an 
active hydrogen compound, R' represents a divalent group having a molecular weight of at least 150, and k represents 
an integer of 2 to 6. 

[0051] The residue of the polymerizable functional group represented by Y in formula (12) is not particularly limited. 
Preferable examples thereof are those listed on Y in general formula (11). 

[0052] Further, the residue of the active hydrogen compound represented by Z is not particularly limited either, and 
examples thereof are the same as those listed on Z in formula (1 0). k represents an integer of 2 to 6, preferably 2 to 4. 



9 



JNSDOCID: <EP 1 160268A1 I > 



EP1 160 268 A1 



[0053] The divalent group represented by FT is preferably a polymer or a copolymer of compound (A) represented 
by formula (2) and/or compound (B) represented by formula (3), and the molecular weight is preferably at least 150 
and at most 1 ,700,000. 

[0054] Further, R" is especially preferably a group represented by formula (6). 

5 

2. Polymeric electrolyte 

(1) Polymeric electrolyte using a trivalent boron-containing polymeric compound 

10 [0055] The first polymeric electrolyte of the invention comprises one or more of the foregoing ion-conductive poly- 
meric compounds, and an electrolytic salt, and further, as required, a nonaqueous solvent. 

[0056] The electrolytic salt used in the invention is not particularly limited. A lithium salt is preferably used. Examples 
thereof include LiBF 4 , LiPF 6 , LiCI0 4 , LIAsF 6 , LiCF 3 S0 3 , LiN(CF 3 S0 2 ) 2 , LiN(C 2 F 5 S0 2 ) 2 , LiC(CF 3 S0 2 ) 3 , LiCl, LIF, LiBr, 
Lil, derivatives thereof and the like. These lithium salts may be used either singly or in combination. 

15 [0057] The concentration of the electrolytic salt is 0.01 mol/kg to 1 0 mols/kg, preferably 0.2 mol/kg to 6.0 mols/kg. 
[0058] The nonaqueous solvent is preferably an aprotic solvent, and examples thereof include carbonates, lactones, 
ethers, sulfolanes and dioxolanes. These nonaqueous solvents may be used either singly or in combination. 
[0059] The mixing ratio of the first ion-conductive polymeric compound to nonaqueous solvent is 1/99 to 99/1 , pref- 
erably 30/70 to 99/1 , more preferably 50/50 to 99/1 in terms of a weight ratio. 

20 [0060] The mixing ratio of the second ion -conductive polymeric compound to nonagueous solvent is 1/99 to 99/1 , 
preferably 1/99 to 50/50, more preferably 1/99 to 30/70 in terms of a weight ratio. 

[0061 ] The mixing ratio of the third ion-conductive polymeric compound to nonaqueous solvent is 1 /99 to 99/1 , pref- 
erably 5/95 to 95/5, more preferably 10/90 to 90/10 in terms of a weight ratio. 

25 (2) Polymeric electrolyte using a tetravalent boron-containing compound 

[0062] The second polymeric electrolyte of the invention comprises one or more of the tetravalent boron-containing 
polymeric compounds as an essential component, and further, as required, an electrolytic salt and/or a solvent. 
[0063] As the electrolytic salt, a lithium salt is preferable. Examples thereof are the same as those listed on the first 
30 polymeric electrolyte. The lithium salts may be used either singly or in combination. 

[0064] The concentration of the electrolytic salt is preferably 1 0 mols/kg or less, more preferably 6.0 mols/kg or less. 
[0065] The solvent is preferably an aprotic solvent, and examples, thereof are also the same as those listed on the 
first polymeric electrolyte. The solvents may be used either singly or in combination. 

[0066] The mixing ratio of the tetravalent boron-containing polymeric compound to solvent is 1/99 to 99/1 , preferably 
35 5/95 to 95/5, more preferably 10/90 to 90/10 in terms of a weight ratio. 

3. Electric devices 

[0067] The polymeric electrolyte of the invention can be applied to various electric devices, and examples thereof 
40 include cells, capacitors and the like. Typical of these are cells which are obtained by linking a positive electrode and 
a negative electrode through any of the foregoing polymeric electrolytes. 

[0068] In the positive electrode herein, a double metal oxide capable of occluding and releasing lithium ions is used. 
Examples thereof include cobalt lithium oxide, nickel lithium oxide, manganese lithium oxide, vanadium pentoxide and 
the like. 

45 [0069] Further, in the negative electrode, a lithium metal, a lithium alloy or a substance capable of reversibly occluding 
and releasing lithium ions is used. Examples of such a substance include carbon and the like. 

4. Examples 

so [0070] The invention is illustrated more specifically below by referring to Examples. However, the invention is not 
limited to these Examples. 

(1) Production of monomers A to E (compounds (B) represented by formula (3)) 
55 . Monomer A 

[0071] Potassium hydroxide (0.01 mol) was added to 1 mol of ethylene glycol monobutyl ether as a starting material, 
and a vessel was purged with nitrogen while stirring the mixture. Subsequently, the pressure inside the vessel was 
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reduced using a vacuum pump. The temperature was then raised to 120°C, and the reaction was conducted using 1 
moLof ethylene oxide as a monomer. After the completion of the reaction, the reaction mixture was cooled until the 
temperature inside the vessel reached room temperature. A methanol solution of 1.1 mols of sodium methylate was 
added, and the temperature was slowly raised to 50°C while reducing the pressure. After methanol was completely 
removed, 1 .2 mols of epichlorohydrin was added, and the mixture was reacted for 4 hours. After the completion of the 
reaction, adsorption treatment was conducted. Dehydration was conducted under reduced pressure, and the residue 
was then filtered to obtain a desired product. 

• Monomer B 

[0072] A desired product was obtained in the same manner as monomer A except that ethylene glycol monomethyl 
ether was used as a starting material and 9 mols of ethylene oxide was used as a monomer. 

• Monomer C 

[0073] A desired product was obtained in the same manner as monomer A except that ethylene glycol monopropyl 
ether was used as a starting material and 2 mols of ethylene oxide was used as a monomer. 

• Monomer D 

[0074] A desired product was obtained in the same manner as monomer A except that ethylene glycol monoethyl 
ether was used as a starting material and 49 mols of ethylene oxide was used as a monomer. 

. Monomer E 

[0075] A desired product was obtained in the same manner as monomer A except that ethylene glycol monomethyl 
ether was used as a starting material and 9 mols of ethylene oxide was used as a monomer. 

(2) Examples and Comparative Examples on the first ion -conductive polymeric compound 

[Production of an ion-conductive polymeric compound] 

• Compound A-1 

[0076] One mol of potassium hydroxide was added to 500 g of toluene, and a vessel was purged with nitrogen while 
stirring the mixture. The pressure inside the vessel was reduced using a vacuum pump. The temperature was then 
raised to 120°C, and the reaction was conducted using 38,000 mols of ethylene oxide as a monomer. After the com- 
pletion of the reaction, the reaction mixture was cooled until the temperature inside the vessel reached 60°C. The 
resulting mixture was neutralized with sulfuric acid until it became weakly acidic, and acid and alkali adsorption treat- 
ment was then conducted. The temperature was raised again to 1 20 o C, and dehydration was conducted under reduced 
pressure. The product was then filtered to obtain a diol. The resulting diol and borane were consecutively reacted in 
dichloromethane at room temperature to give a desired compound. 

• Compound A-2 

[0077] A desired compound was obtained in the same manner as compound A-1 except that 28,000 mols of propylene 
oxide was used as a monomer. 

• Compound A-3 

[0078] A desired compound was obtained in the same manner as compound A-1 except that 1 ,500 mols of ethylene 
oxide and 600 mols of 1 ,2-epoxyhexane were used as monomers. 

• Compound A-4 

[0079] A desired compound was obtained in the same manner as compound A-1 except that 2 mols of ethylene 
oxide and 1 mol of butylene oxide were used as monomers! 
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• Compound A-5 

[0080] A desired compound was obtained in the same manner as compound A-1 except that 300 mols of ethylene 
oxide and 20 mols of 1 ,2-epoxypentane were used as monomers. 

- Compound B-1 

[0081] A desired compound was obtained in the same manner as compound A-1 except that 600 mols of monomer 
A was used as a monomer. 

. Compound B-2 

[0082] A desired compound was obtained in the same manner as compound A-1 except that 50 mols of ethylene 
oxide and 15 mols of monomer B were used as monomers. 

• Compound B-3 

[0083] A desired compound was obtained in the same manner as compound A-1 except that 1 mol of ethylene oxide 
and 1 mol of monomer C were used as monomers. 

• Compound B-4 

[0084] A desired compound was obtained in the same manner as compound A-1 except that 1 ,600 mols of ethylene 
oxide and 400 mols of monomer D were used as monomers. 

- Compound B-5 



[0085] A desired compound was obtained in the same manner as compound A-1 except that 10 mols of ethylene 
oxide and 1 0 mols of monomer E were used as monomers. 
30 [0086] The structures of compounds A-1 to A-5 and B-1 to B-5 represented by general formula (5) which were ob- 
tained in the foregoing Production Examples are as shown in the following chemical formulas and tables. 
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[Production of a polymeric electrolyte] 
25 • Example 1 

[0087] One gram of compound A-1 and 1 mol/kg of LiBF 4 were dissolved in 2.3 g of 7-butyrolactone (GBL) at 80°C. 
The mixture was poured between glass plates, and then cooled to obtain a polymeric electrolyte having a thickness 
of 500 urn. 

30 

• Example 2 

[0088] One gram of compound A-2 and 0.01 mol/kg of LiBF 6 were dissolved in 0.2 g of acetonitrile at 80°C. The 
mixture was poured between glass plates, and then cooled. Acetonitrile was distilled off under reduced pressure to 
35 obtain a polymeric electrolyte having a thickness of 500 ujti. 

• Examples 3 to 9 

[0089] Polymeric electrolytes were obtained in the same manner as in Example 2 except that types and amounts of 
4Q ion-conductive polymeric compounds and electrolytic salts shown in Table 1 below were used. 

• Examples 10 to 12 

[0090] Polymeric electrolytes were obtained in the same manner as in Example 1 except that types and amounts of 
45 ion-conductive polymeric compounds, electrolytic salts and aprotic solvents shown in Table 1 below were used. 

• Comparative Examples 1 and 2 

[0091 ] Polymeric electrolytes were obtained in the same manner as in Example 2 except that types and amounts of 
50 ion-conductive polymeric compounds and electrolytic salts shown in Table 1 below were used. 

• Comparative Example 3 

[0092] Polymeric electrolytes were obtained in the same manner as in Example 2 except that polyethylene oxide 
55 (PEO) having a molecular weight of 1 ,000,000 was used as an ion-conductive polymeric compound and types and 
amounts of salts shown in Table 1 were used. 
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[Measurement of a lithium ion transport rate] 

[0093] Each of the polymeric electrolytes obtained in the foregoing Examples and Comparative Examples was cut 
in a circle having a diameter of 13 mm, and this was held between lithium metal electrodes having the same diameter. 
A lithium ion transport rate was measured by a DC polarization method. The results are also shown in Table 1 . 
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(3) Examples and Comparative Examples on the second ion-conductive polymeric compound 
[Production of a compound represented by general formula (8)] 

• Compound A-1 

[0094] One mol of potassium hydroxide was added to 500 g of toluene, and a vessel was purged with nitrogen while 
stirring the mixture. The pressure inside the vessel was reduced using a vacuum pump. The temperature was raised 
to 120°C, and the reaction was conducted using 38,000 mols of ethylene oxide as a monomer. After the completion 
of the reaction, the reaction mixture was cooled until the temperature inside the vessel reached room temperature. A 
methanol solution of 1 .1 mols of sodium methylate was added, and the temperature was slowly raised while reducing 
the pressure. After methanol was completely removed and the reaction mixture was allowed to cool, 1 kg of toluene 
was added, 1 mol of acrylic acid chloride was added, and the reaction was conducted for 4 hours. After acid and alkali 
adsorption treatment was conducted, the product was filtered, and toluene was removed under reduced pressure to 
obtain a mono-ol having a polymerizable functional group. Three mols of the resulting mono-ol and 1 mol of borane 
were reacted in dichloromethane at room temperature to obtain a desired compound. 

• Compound A-2 

[0095] A desired compound was obtained in the same manner as compound A-1 except that 28,000 mols of propylene 
oxide was used as a monomer and methacrylic acid chloride was used instead of acrylic acid chloride. 

• Compound A-3 

[0096] A desired compound was obtained in the same manner as compound A-1 except that 1 ,500 mols of ethylene 
oxide and 600 mols of 1 ,2-epoxyhexane were used .as monomers and allyl chloride was used instead of acrylic acid 
chloride. 

• Compound A-4 

[0097] A desired compound was obtained in the same manner as compound A-1 except that 2 mols of ethylene 
oxide and I mol of butylene oxide were used as monomers and vinyl chloride was used instead of acrylic acid chloride. 

• Compound A-5 

[0098] A desired compound was obtained in the same manner as compound A-1 except that 300 mols of ethylene 
oxide and 20 mols of 1 ,2-epoxypentane were used as monomers. 

• Compound B-1 

[0099] A desired compound was obtained in the same manner as compound A-1 except that 600 mols of monomer 
A was used as a monomer. 

• Compound B-2 

[0100] A desired compound was obtained in the same manner as compound A-2 except that 50 mols of ethylene 
oxide and 15 mols of monomer B were used as monomers. 

• Compound B-3 

[0101] A desired compound was obtained in the same manner as compound A-3 except that 1 mol of ethylene oxide 
and 1 mol of monomer C were used as monomers. 

• Compound B-4 

[0102] A desired compound was obtained in the same manner as compound A-4 except that 1 ,600 mols of ethylene 
oxide and 400 mols of monomer D were used as monomers. 
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• Compound B-5 

[0103] A desired compound was obtained in the same manner as compound A-5 except that 10 mols of ethylene 
oxide and 10 mols of monomer E were used as monomers. 

[0104] The structures of compounds A-1 to A-5 and B-1 to B-5 represented by formula (8), which were obtained as 
mentioned above, are as shown in the following chemical formulas and tables. 
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[Production of a polymeric electrolyte] 
55 . Example 1 



[0105] One gram of compound A-1 ,1 mol/kg of LiBF 4 and 0.01 g of azoisobutyronitrile (AIBN) were dissolved in 2.3 
g of y-butyrolactone at 40°C. The mixture was poured between glass plates, and allowed to stand at 80°C for 2 hours 
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to obtain a polymeric electrolyte having a thickness of 500 um 

• Example 2 

[0106] One gram of compound A-2, 0.01 mol/kg of LiPF 6 and 0.01 g of AIBN were dissolved in 0.2 g of acetonitrile 
at 40°C. The mixture was poured between glass plates, and allowed to stand at 80°C for 2 hours. Acetonitrile was 
then distilled off under reduced pressure to obtain a polymeric electrolyte having a thickness of 500 u.m. 

• Examples 3 to 9 

[0107] Polymeric electrolytes were obtained in the same manner as in Example 2 except that types and amounts of 
compounds represented by general formula (8) and electrolytic salts, shown in Table 2 below were used. 

• Examples 10 to 12 

[0108] Polymeric electrolytes were obtained in the same manner as in Example 1 except that types and amounts of 
compounds represented by general formula (8), electrolytic salts and aprotic solvents, shown in Table 2 below were 
used. 

20 . Comparative Examples 1 and 2 

[0109] Polymeric electrolytes were obtained in the same manner as in Example 2 except that types and amounts of 
compounds represented by general formula (8) and electrolytic salts, shown in Table 2 below were used. 

25 . Comparative Example 3 

[0110] One gram of polyethylene oxide (PEO) having a molecular weight of 1 ,000,000 and 1 mol/kg of LiBF 4 were 
dissolved in 0.2 g of acetonitrile at 40°C, and the mixture was poured between glass plates. Acetonitrile was then 
distilled off under reduced pressure to obtain a polymeric electrolyte having a thickness of 500 pin. 
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[Measurement of a lithium ion transport rate] 



[0111] Each of the polymeric electrolytes obtained in the foregoing Examples and Comparative Examples was cut 
in a circle having a diameter of 13 mm, and this was held between lithium metal electrodes having the same diameter. 
35 A lithium ion transport rate was measured by a DC polarization method. The results are also shown in Table 2. 
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(4) Examples and Comparative Examples on the third ion-conductive polymeric compound 
[Production of a compound represented by general formula (9)] 

• Compound A-1 

[0112] One mol of potassium hydroxide was added to 500 g of toiuene, and a vessel was purged with nitrogen whiie 
stirring the mixture. The pressure inside the vessel was reduced using a vacuum pump. The temperature was raised 
to 120°C, and the reaction was conducted using 220 mols of ethylene oxide as a monomer. After the completion of 
the reaction, the reaction mixture was cooled until the temperature inside the vessel reached room temperature. A 
methanol solution of 1 .1 mols of sodium methylate was added, and the temperature was slowly raised to 50°C while 
reducing the pressure. After methanol was completely removed, the reaction mixture was allowed to cool. One kilogram 
of toluene was added, 1 mol of acrylic acid chloride was added, and the reaction was conducted for 4 hours. After acid 
and alkali adsorption treatment was conducted, the product was filtered, and toluene was removed under reduced 
pressure to obtain a mono-ol having a polymerizable functional group. One mol of the resulting mono-ol, 2 mols of 
methanol and 1 mol of borane were reacted in dichloromethane at room temperature to obtain a desired compound. 

Compound A-2 

[0113] A mono-ol having a polymerizable functional group was prepared in the same manner as in compound A-1 
except that 240 mols of propylene oxide was used as a monomer and methacrylic acid chloride was used instead of 
acrylic acid chloride. One mol of the resulting mono-ol, 2 mols of octanol and 1 mol of borane were reacted in dichlo- 
romethane at room temperature to obtain a desired compound. 

2 $ Compound A-3 

[0114] A mono-ol having a polymerizable functional group was prepared in the same manner as in compound A-1 
except that 30 mols of ethylene oxide and 8 mols of 1 ,2-epoxyhexane were used as monomers and ally! chloride was 
used instead of acrylic acid chloride. One mol of the resulting mono-ol, 1 mol of biphenyl^'-diol and 1 mol of borane 
were reacted in dichloromethane at room temperature to obtain a desired compound. 

• Compound A-4 

[0115] A mono-ol having a polymerizable functional group was prepared in the same manner as in compound A-1 
except that 3 mols of ethylene oxide was used as a monomer and vinyl chioride was used instead of acrylic acid 
chloride. One mol of the resulting mono-ol, 1 mol of catechol and 1 mol of borane were reacted in dichloromethane at 
room temperature to obtain a desired compound. 

• Compound A-5 

[0116] A mono-ol having a polymerizable functional group was prepared in the same manner as in compound A-1 
except that 15 mols of ethylene oxide and 4 mols of 1 ,2-epoxypentane were used as monomers. One moi of the 
resulting mono-ol, 2 mols of 3,4-difluorobromobenzene and 1 mol of borane were reacted in dichloromethane at room 
temperature to obtain a desired compound. 

• Compound A-6 

[0117] A mono-ol having a polymerizable functional group was prepared in the same manner as in compound A-1 
except that 240 mols of monomer A was used as a monomer. One mol of the resulting mono-ol, 2 mols of ethylene 
glycol monomethyl ether and 1 mol of borane were reacted in dichloromethane at room temperature to obtain a desired 
compound. 

• Compound A-7 

[0118] A mono-ol having a polymerizable functional group was prepared in the same manner as in compound A-2 
except that 15 mols of ethylene oxide and 5 mols of monomer B were used as monomers. One mol of the resulting 
mono-ol, 2 mols of phenol and 1 mol of borane were reacted in dichloromethane at room temperature to obtain a 
desired compound. 
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• Compound A-8 

[0119] A mono-ol having a polymerizabie functional group was prepared in the same manner as in compound A-3 
except that 1 mo! of ethylene oxide and 1 mol of monomer C were used as monomers. One mol of the resulting mono- 
5 ol, 2 mols of p-nitrophenol and 1 mol of borane were reacted in dichloromethane at room temperature to obtain a 
desired compound. 

• Compound A-9 

10 [0120] A mono-ol having a polymerizabie functional group was prepared in the same manner as in compound A-4 
except that 10 mols of ethylene oxide and 3 mols of monomer D were used as monomers. One mol of the resulting 
mono-ol, 1 mol of 1 ,8-dinaphthol and 1 mol of borane were reacted In dichloromethane at room temperature to obtain 
a desired compound. 

is . Compound A-10 

[0121] A mono-ol having a polymerizabie functional group was prepared in the same manner as in compound A-5 
except that 10 mols of ethylene oxide and 2 mols of monomer E were used as monomers. One mol of the resulting 
mono-ol, 2 mols of bromobenzene and 1 mol of borane were reacted in dichloromethane at room temperature to obtain 
20 a desired compound. 

[Production of a compound represented by general formula (10)] 

• Compound B-1 

25 

[0122] Potassium hydroxide (0.01 mol) was added to 0.5 mol of ethylene glycol as a starting material, and a vessel 
was purged with nitrogen while stirring the mixture. The pressure inside the vessel was reduced using a vacuum pump. 
The temperature was then raised to 120°C, and the reaction was conducted using 38,000 mols of ethylene oxide as 
a monomer. After the completion of the reaction, the reaction mixture was cooled until the temperature inside the vessel 
30 reached room temperature. A methanol solution of 1 .1 mols of sodium methylate was added, and the temperature was 
slowly raised to 50°C while reducing the pressure. After methanol was completely removed, the reaction mixture was 
allowed to cool, one kilogram of toluene was added, 1 mol of acrylic acid chloride was added, and the reaction was 
conducted for 4 hours. After acid and alkali adsorption treatment was conducted, the product was filtered, and toluene 
was removed under reduced pressure to obtain a desired compound. 

35 

. Compound B~2 

[0123] A desired compound was obtained in the same manner as compound B-1 except that 0.33 mol of glycerin 
was used as a starting material, 28,000 mols of propylene oxide was used as a monomer and meth aery lie acid chloride 
40 was used instead of acrylic acid chloride. 

• Compound B-3 

[0124] A desired compound was obtained in the same manner as compound B-1 except that 0.25 mol of diglycerin 
45 was used as a starting material, 1 50 mols of ethylene oxide and 600 mols of 1 ,2-epoxyhexane were used as monomers 
and allyl chloride was used instead of acrylic acid chloride. 

• Compound B-4 

50 [0125] A desired compound was obtained in the same manner as compound B-1 except that 0.5 mol of ethylene 
glycol was used as a starting material, 2 mols of ethylene oxide and 1 mol of butylene oxide were used as monomers 
and vinyl chloride was used instead of acrylic acid chloride. 

. Compound B-5 

55 

[0126] A desired compound was obtained in the same manner as compound B-1 except that 0.33 mol of glycerin 
was used as a starting material and 300 mols of ethylene oxide and 20 mols of 1 ,2-epoxypentane were used as mon- 
omers. 
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Compound B-6 



[0127] A desired compound was obtained in the same manner as compound B-1 except that 600 mols of monomer 
A was used as a monomer. 

• Compound B-7 

[0128] A desired compound was obtained in the same manner as compound B-2 except that 50 mols of ethylene 
oxide and 15 mols of monomer B were used as monomers. 

• Compound B-8 

[0129] A desired compound was obtained in the same manner as compound B-3 except that 1 mol of ethylene oxide 
and 1 mol of monomer C were used as monomers. 

• Compound B-9 

[0130] A desired compound was obtained in the same manner as compound B-4 except that 1 ,600 mols of ethylene 
oxide and 400 mols of monomer D were used as monomers. 

• Compound B-10 



[0131] A desired compound was obtained in the same manner as compound B-5 except that 10 mols of ethylene 
oxide and 1 0 mols of monomer E were used as monomers. 
25 [0132] The structures of compounds A-1 to A-10 represented by general formula (9) and compounds B-1 to B-10 
represented by formula (1 0), which were obtained as mentioned above, are as shown in the following chemical formulas 
and tables. 
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[0133] 2 represents a residue of an active hydrogen compound. 
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[0134] Z represents a residue of an active hydrogen compound. 
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[0135] More specific structures of compounds B-1 to B-1 0 represented by general formula (10) are as follows. 
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[Production of a polymeric electrolyte] 
50 Example 1 

[0136] One gram of compound A-1 , 9 g of B-10, 1 mol/kg of LiBF 4 and 0.01 g of azoisobutyronitriie (AIBN) were 
dissolved in 1 .2 g of y-butyrolactone at 40°C. The mixture was poured between glass plates, and allowed to stand at 
80°C for 2 hours to obtain a polymeric electrolyte having a thickness of 500 urn. 

55 

• Example 2 

[0137] Two grams of compound A-2, 8 g of B-8, 0.01 mol/kg of LiPF 6 and 0.01 g of AIBN were dissolved in 0.2 g of 
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acetonitrile at 40°C. The mixture was poured between glass plates, and allowed to stand at 80°Cfor 2 hours. Acetonitrile 
was then distilled off under reduced pressure to obtain a polymeric electrolyte having a thickness of 500 u,m. 

Examples 3 to 9 

[01 38] Polymeric electrolytes were obtained in the same manner as in Example 2 except that types and amounts of 
compounds represented by general formula (9) or (10) and electrolytic salts, shown in Table 3 below were used. 

• Examples 10 to 12 

[01 39] Polymeric electrolytes were obtained in the same manner as in Example 1 except that types and amounts of 
compounds represented by general formula (9) or (10), electrolytic salts and aprotic solvents, shown in Table 3 below 
were used. 

• Comparative Examples 1 and 2 

[0140] Polymeric electrolytes were obtained in the same manner as in Example 2 except that types and amounts of 
compounds represented by general formula (9) or (1 0) and electrolytic salts, shown in Table 3 below were used. 

Comparative Example 3 

[0141] One gram of polyethylene oxide (PEO) having a molecular weight of 1 ,000,000 and 1 mol/kg of LiBF 4 were 
dissolved in 0.2 g of acetonitrile at 40°C, and the mixture was poured between glass plates. Acetonitrile was then 
distilled off under reduced pressure to obtain a polymeric electrolyte having a thickness of 500 ujti. 

[Measurement of a lithium ion transport rate] 

[0142] Each of the polymeric electrolytes obtained in the foregoing Examples and Comparative Examples was cut 
in a circle having a diameter of 13 mm, and this was held between lithium metal electrodes having the same diameter. 
A lithium ion transport rate was measured by a DC polarization method. The results are also shown in Table 3. 
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(5) Examples and Comparative Examples on a tetravalent boron-contalnlng polymeric compound 
[Production of a polymeric compound precursor] 
5 - Compound A-1 

.j 

[0143] Two mols of 1 ,4-butanediol, 2 mols of acrylic acid, 0.1 ml of sulfuric acid and 0.001 mol of hydroquinone were 
dissolved in 100 mol of toluene, and the solution was refluxed for 4 hours while removing water generated. After the 
completion of the reaction, the solvent was distilled off under reduced pressure, and the residue was purified through 
10 silica gel column chromatography using acetone as an eluent to obtain 4-hydroxy butyl acrylate. One mol of 4-hydroxy- 
butyl acrylate obtained, 1 mol of catechol and 1 mol of borane were reacted in dichloromethane at room temperature, 
and 1 mol of LIBr was further added and dissolved to obtain a desired compound. 

* Compound A-2 

15 

[0144] B-Hydroxyoctyl acrylate was obtained using 1 ,8 octanediol instead of 1 ,4-butanediol. One mol of 8-hydroxy- 
octyf acrylate obtained, 1 mol of salicylic acid and 1 mol of borane were reacted in dichloromethane at room temperature, 
and 1 mol of MeOLi was further added and dissolved to obtain a desired compound. 

20 • Compound A-3 

[0145] One mol of potassium hydroxide was added to 500 g of toluene, and a vessel was purged with nitrogen while 
stirring the mixture. The pressure inside the vessel was reduced using a vacuum pump. The temperature was raised 
to 120°C, and the reaction was conducted using 220 mols of ethylene oxide as a monomer. After the completion of 

25 the reaction, the reaction mixture was cooled until the temperature inside the vessel reached room temperature. A 
methanol solution of 1 .1 mols of sodium methylate was added, and the temperature was slowly raised to 50°C while 
reducing the pressure. After methanol was completely removed, the reaction mixture was allowed to cool, 1 kg of 
toluene was added, 1 mol of acrylic acid chloride was added, and the reaction was conducted for 4 hours. After acid 
and alkali adsorption treatment was conducted, the product was filtered, and toluene was removed under reduced 

30 pressure to obtain a mono-ol having a polymerizable functional group. One mol of the resulting mono-ol, 1 mol of 
2,3-naphthaienediol and 1 mol of borane were reacted in dichloromethane at room temperature, and 1 mol of LiCI was 
further added and dissolved to obtain a desired compound. 

Compound A-4 

35 

[0146] A mono-ol having a polymerizable functional group was prepared in the same manner as in compound A-1 
except that 240 mols of propylene oxide was used as a monomer and methacrylic acid chloride was used instead of 
acrylic acid chloride. One mol of the resulting mono-ol, 1 mol of biphenyl-2,2'-dioi and 1 mol of borane were reacted 
in dichloromethane at room temperature, and 1 mol of LiBr was further added and dissolved to obtain a desired com- 
40 pound. 

• Compound A-5 

[0147] A mono-ol having a polymerizable functional group was prepared in the same manner as in compound A-1 
45 except that 30 mols of ethylene oxide and 8 mols of 1 ,2-epoxyhexane were used as monomers and allyl chloride was 
used instead of acrylic acid chloride, one mol of the resulting mono-ol, 1 mol of malonic acid and 1 mol of borane were 
reacted in dichloromethane at room temperature, and 1 mol of Lil was further added and dissolved to obtain a desired 
compound. 

50 . Compound A-6 

[0148] A mono-ol having a polymerizable functional group was prepared in the same manner as in compound A-1 
except that 4 mols of ethylene oxide was used as a monomer and allyl chloride was used instead of acrylic acid chloride. 
One mol of the resulting mono-ol and t-BuOLi were dissolved in ethylene glycol dimethyl ether at 40°C, and a product 
55 obtained by reacting 3 mols of fluorophenol and 1 mol of borane in dichloromethane at room temperature was added 
to obtain a desired compound. 
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- Compound A-7 

[0149] A mono-ol having a polymerizable functional group was prepared in the same manner as in compound A-3 
except that 240 mote of monomer A was used as a monomer. One mol of the resulting mono-ol and t-BuOLi were 
5 dissolved in ethylene glycol dimethyl ether at 40°C, and a product obtained by reacting 3 mols of 1 ,1 ,1 -trifluoroethanol 
and 1 mol of borane in dichloromethane at room temperature was added to obtain a desired compound. 

• Compound A-8 

10 [0150] A mono-ol having a polymerizable functional group was prepared in the same manner as in compound A-4 
except that 15 mols of ethylene oxide and 5 mols of monomer B were used as monomers. One mol of the resulting 
mono-ol and t-BuOLI were dissolved in ethylene glycol dimethyl etherat 40°C, and a product obtained by reacting 3 
mols of hexafluorophenol and 1 mol of trichloroborane In dichloromethane at room temperature was added to obtain 
a desired compound. 

15 

• Compound A-9 

[0151] A mono-ol having a polymerizable functional group was prepared in the same manner as in compound A-5 
except that 1 mol of ethylene oxide and 1 mol of monomer C were used as monomers. One mol of the resulting mono- 
20 ol and t-BuOLi were dissolved in ethylene glycol dimethyl ether at 40°C, and a product obtained by reacting 3 mols of 
1,1,1 ,3,3,3-hexafluoro-2-propano! and 1 mol of borane in dichloromethane at room temperature was added to obtain 
a desired compound. 

• Compound A-10 

25 

[0152] A mono-ol having a polymerizable functional group was prepared in the same manner as in compound A-4 
except that 10 mols of ethylene oxide and 2 mols of monomer E were used as monomers. One mol of the resulting 
mono-ol and t-BuOLi were dissolved in ethylene glycol dimethyl ether at 40°C, and a product obtained by reacting 3 
mols of 2-trifluoromethyl-1 ,1 ,1 ,3,3,3-hexafluoro-2-propanol and 1 mol of borane in dichloromethane at room temper- 
so ature was added to obtain a desired compound. 

[01 53] The structures of compounds A-1 to A-1 0 obtained as mentioned above are as shown in the following chemical 
formulas and tables. 
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O S-(Ra)(Rb)(Rc)Lj* 



Compound 


r1 


Y 


-B"(Ra)(Rb)(Rc) 


A-1 


4 


acryloyl group 


1-1 


A-2 


8 


methacryloyl group 


1-2 
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l~l L 1-2 




(CHA4 
CH 3 



compound 


r2 


r3 


r4 
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-B-(Ra)(Rb)(Rc) 


A-3 


220 
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acryloyl group 


1-3 


A-4 


0 


240 
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methacryloyl group 


1-4 


A-5 


30 
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3 


ally! group 


1-5 


A-6 
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0 


vinyl group 


1-6 



1-3 1-4 1-5 1-6 

F 



31 

INSDOC1D:<EP 1160268A1 I > 



EP 1 160 268 A1 



r — o-^cf^chfcoj^l-i: 



-CH2CH20I-7I-CH2CHO- 

CH 2 



•B-(Ra)(Rb)(Rc)U* 



-(CH 2 CH 2 0), 7 (CH2) rt CH 3 



10 



15 



20 



25 



Compound 


r5 


r6 


r7 


r8 


Y 


-8 (Ra) (Rb) (Rc) 


A-7 


0 


240 


2 


3 


acryloyl group 


1-7 


A-8 


15 


5 


10 
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methacryloyl group 


1-8 


A-9 
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1 
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allyl group 


1-9 


A-10 


10 
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10 
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vinyl group 


1-10 



2-7 



OCH 2 CF 3 



I 

OCH2CF3 



1-8 
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OC 6 F 6 

— S'—OCH 2 CF 2 — B-— OCbF 8 



OCH(CF& 
-B^-OCH(CF 3 ) 2 
OCHCCFaJj 



1-10 



C(CF3> 3 
— B=-C(CF 3 ) 3 
C(CFa) a 



30 [Production of a polymeric electrolyte] 

[0154] A polymeric electrolyte made of a polymeric compound having a structural unit represented by formula (11) 
or formula (12) was produced as shown below using each of compounds A-1 to A-10 and compounds B-1 to B-10 
obtained by the method described in [Production of a compound represented by general formula (1 0) described above. 
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Example 1 



[0155] One gram of compound A-1, 9 g of B-10, 1 mol/kg of LiBF 4 and 0.01 g of azoisobutyronitrile (AIBN) were 
dissolved in 1 .2 g of y-butyrolactone at 40°C. The mixture was poured between glass plates, and then allowed to stand 
40 at 80°C for 2 hours to obtain a polymeric electrolyte having a thickness of 500 urn. 

• Example 2 



[0156] Two grams of compound A-2, 8 g of B-8, 0.01 mol/kg of LiPF 6 and 0.01 g of AIBN were dissolved in 0.2 g of 
acetonitrile at 40°C. The mixture was poured between glass plates, and then allowed to stand at 80°C for 2 hours. 
Acetonitrile was distilled off under reduced pressure to obtain a polymeric electrolyte having a thickness of 500 urn. 

• Examples 3 to 9 

[0157] Polymeric electrolytes were obtained in the same manner as in Example 2 except that types and amounts of 
compounds and electrolytic salts shown in Table 4 below were used. 

• Examples 10 to 12 

[0158] Polymeric electrolytes were obtained in the same manner as in Example 1 except that types and amounts of 
compounds, electrolytic salts and aprotic solvents shown in Table 4 below were used. 
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• Comparative Examples 1 and 2 

[0159] Polymeric electrolytes were obtained in the same manner as in Example 2 except that types and amounts of 
compounds and electrolytic salts shown in Table 4 below were used. 

• Comparative Example 3 

[0160J One gram of polyethylene oxide (PEO) having a molecular weight of 1 ,000,000 and 1 mbl/kg of LiBF 4 were 
dissolved in 0.2 g of acetonitrile at 40°C, and the mixture was poured between glass plates. Acetonitrile was then 
distilled off under reduced pressure to obtain a polymeric electrolyte having a thickness of 500 |im. 

[Measurement of a lithium Ion transport rate] 

[0161] Each of the polymeric electrolytes obtained in the foregoing Examples and Comparative Examples was cut 
in a circle having a diameter of 13 mm, and this was held between lithium metal electrodes having the same diameter. 
A lithium ion transport rate was measured by a DC polarization method. The results are also shown in Table 4. 
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Industrial Applicability 

roi62] The polymeric electrolyte of the invention is greats improved in a transport rate of charge carrier ions as 
ss compared with the ordinary ones. A transport rate refers to a rate of transporting anions and cations. Accordingly when 
anions are fixed in a polymer chain and less moved, a rate of transporting cations is relatively increased consequently 
which is considered to contribute toward improvement of a transport rate. a1nMUtkm 
[0163] The polymeric electrolyte of the invention can be applied to various electric devices. Owing to the above- 
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described characteristics, for example, cejls having a higher voltage and a higher capacity than usual ones can be 
obtained. Although the usage of cells is not particularly limited, they are preferably used in portable electric appliances 
such as a video, a camera, a personal computer, a cellular phone and the like. 



10 



Claims 

1. An ion-conductive polymeric compound, characterized in that one or more boron atoms are present in a polymeric 
structure. r j 

2. The ion-conductive polymeric compound according to claim 1 , characterized by being represented by the followina 
general formula (1). y 



15 



20 




( 1 ) 



25 



30 



35 



40 



wherein X represents a hetero-atom, R represents a divalent to hexavalent group having a molecular weight 
of at least 150, m represents an integer of 1 to 5, and n represents a recurring number of 1 or more. 

3. The ion-conductive polymeric compound according to claim 1 or 2, characterized in that the hetero-atom repre- 
sented by X in general formula (1 ) is an oxygen atom. 

4. The ion-conductive polymeric compound according to any one of claims 1 to 3, characterized in that the group 
represented by R in general formula (1 ) is a polymer or a copolymer of compound (A) represented by the following 
formula (2) and/or compound (B) represented by the following formula (3). 



compound (A) 
H 2 C^CH 2 
O 



(2) 



4s compound (B) 

o 

wherein Ri represents a methyl group, an ethyl group, a propyl group, a butyl group or a group represented by 
the following formula (4) 

55 

-CH 2 -[-CH 2 CH 2 0-] r -Ra formula (4) 
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wherein r represents 0 or an integer of 1 or more, and Ra represents a methyl group, an ethyl group, a propyl 
group or a butyl group. 

5. The ion-conductive po^meric compound according to any one of claims 1 to 4, characterized by being represented 
by the following general formula (5). 



10 



15 



B 



J n 



(5) 



J 3 



20 



wherein R represents a divalent group having a molecular weight of at least 150, represented by the following 
formula (6), and n represents a recurring number of 1 or more. 



25 



— ^CH 2 CH z O— 



CH 2 CH0 ( 6 ) 



30 



35 



wherein Ri is a methyl group, an ethyl group, a propyl group, a butyl group or a group 2""£*^<^ 
formula (4), p represents an integer of 0 to 38,000, and q represents an integer of 0 to 28,000, provided p and q 
are not 0 at the same time. 



-CH 2 -[-CH 2 CH 2 0-] r -Ra 



formula (4) 



wherein r represents 0 or an integer of 1 or more, and Ra represents a methyl group, an ethyl group, a propyl 
group or a butyl group. 

40 6 . The ion-conductive polymeric compound according to claim 1 , characterized by being obtained by crosslinking 
a compound represented by the following general formula (7). 



45 



50 



B-[-X R — s 



(7) 



wherain X represents a hetero-atom, R represents a divalent group having a molecular weight of at least 1 50. and 
Y represents a polymerizabie functional group. 

7 The ion-conductive polymeric compound according to claim 6, characterized in that R in general 

a polymer or a copo jer of compound (A) represented by the following fomnula (2) and/or compound (B) repre- 
sented by the following formula (3). 
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compound (A) 

H * C \7 CH2 ( 2 } 

6 

w compound (B) 

R 1 

O 

wherein R* represents a methyl group, an ethyl group, a propyl group, a butyl group or a group represented by 
the following formula (4) 

-CH 2 -[-CH 2 CH 2 0-] r -Ra formula (4) 

wherein r represents 0 or an integer of 1 or more, and Ra represents a methyl group, an ethyl group a propyl 
group or a butyl group. 

8. The ion-conductive polymeric compound according to claim 6 or 7, characterized in that the compound repre- 
sented by general formula (7) is represented by the following general formula (8). 



20 



25 



30 



35 



B-j-O R Yj 3 • (8) 

wherein R represents a divalent group having a molecular weight of at least 150, represented by the following 
formula (6), and Y represents a polymerizable functional group. 



40 



45 



50 



— J~CH 2 CH 2 0 



CH 2 CHO 



(6) 



wherein R 1 represents a methyl group, an ethyl group, a propyl group, a butyl group or a group represented by 
the following formula (4), p represents an integer of 0 to 38,000, and q represents an integer of 0 to 28,000, provided 
p and q are not 0 at the same time. 



-CH 2 -[-CH 2 CH 2 0-] r -Ra 



formula (4) 



55 



wherein r represents 0 or an integer of 1 or more, and Ra represents a methyl group, an ethyl group, a propyl 
group or a butyl group. 

9. The ion-conductive polymeric compound according to any one of claims 6 to 8, characterized in that the polym- 
erizable functional group represented by Y is one or more selected from the group consisting of an acrylic residue, 
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a methacrylic residue, an allyl group and a vinyl group. 
10. The ion-conductive polymeric compound according to claim 1 , characterized in that the boron atom is present 
in a polymeric side chain. 

1 1 The ion-conductive polymeric compound according to claim 1 , characterized in that the boron atom is bound to 
' an end of a polymeric main chain and/or a potymeric side chain as a part of a boron compound. 

12 The ion-conductive polymeric compound according to claim 10 or 11 , characterized in that the boron atom is 
bound to an end of a polymeric side chain as a part of a organoboron compound. 

13 The ion-conductive polymeric compound accordingto anyone of claims 10to 12, charactered by being obtained 
by Polymerizing a mixture of compounds represented by the following formulas (9) and (1 0) respectively. 

R" 

Y — B^. ( 9 > 

20 R 12 

wherein R, represents a divalent group having a molecular weight of at least 100. Y represents = P^zabte 
runcuonalgroup,andRiiandRi2,whichmaybethesameordifferent,eachrepresentahydrogenatom,ahalogen 

25 atom or a monovalent group, or R 11 and R« are bound to each other to form a nng. 
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(1 0) 



wherein R 2 represents a divalent group having a molecular weight of at least 1 50, Y represents a polymerizable 
functional group, Z represents an active hydrogen residue, and k represents an integer of 2 to 6. 

14 The ion-conductive polymeric compound accordingto claim 13, characterized in that R, in general <»™M*> 
Ino/or R?n general fonnula (1 0) is a polymer of compound (A) represented by the fo.low.ng formula (2) and/or 
compound (B) represented by the following formula (3). 

40 compound (A) 

H 2 C^CH 2 ( 2 ) 

O 



compound (B) 

h 2 c^ch C3) 
o 

wherein * represents a methyl group, an ethyl group, a propyl group, a butyl group or a group represented by 
the following formula (4) 
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-CH 2 -[-CH 2 CH 2 0-] r -Ra formula (4) 

wherein r represents 0 or an integer of 1 or more, and Ra represents a methyl group, an ethyl group, a propyl 
group or a butyl group. r/ 

15. The ion-conductive polymeric compound according to claim 13 or 14, characterized in that R 1 in general formula 
(9) and/or R 2 in general formula (10) is a divalent group represented by the following formula 



4 



CH 2 CH 2 0 ff CH 2 CHO 
R 1 



(6) 



wherein Ri represents a methyl group, an ethyl group, a propyl group, a butyl group or a group represented by 
the following formula (4), p represents an integer of 0 to 38,000, and q represents an integer of 0 to 28,000, provided 
p and q are not 0 at the same time. ' 

-CH 2 -[-CH 2 CH 2 0-] r -Ra formula (4) 

group or7buty| S group 0 ^ inte96r * 1 " m ° re ' ^ represents a meVh y\ group, an ethyl group, a propyl 

16. The ion-conductive polymeric compound according to any one of claims 13 to 15, characterized in that R" and 
H in general formula (9) are one or more selected from the group consisting of an alkyl group, an aryl group 
derivatives thereof and fluorine-substituted derivatives thereof. ran. 

17. A polymeric electrolyte using one or more types of the Ion-conductive polymeric compound according to any one 
ot claims 1 to 1 6. ^ j 

18. A polymeric electrolyte comprising one or more types of the ion-conductive polymeric compound according to any 
one of claims 1 to 1 6. ' 

1 9. The polymeric electrolyte according to claim 1 8, characterized by further comprising a nonaqueous solvent. 

20. The polymeric electrolyte according to claim 19,. 
characterized in that the nonaqueous solvent is an aprotic solvent. 

21 . A polymeric electrolyte comprising a polymeric compound having a tetravalent boron atom in a polymeric structure. 

22 ' HH n?™™* UTT^f f C ° rding t0 C ' aim 21 ' characterlz «* that the polymeric compound has a structural 
unit represented by the following general formula (11) in a molecule. 

- Y - 

1 - (11) 
R - B ~(R a)(R b)(R c ) L i + 

55 t Wh r ein T represe " ts a residue of a Po'ymerizable functional group, R represents a group capable of being bound 

ok w ~ yme u functional 9 r ° u P and the boron atom and having a molecular weight of at least 40 and Ra 
Rb and Rc, wh.ch may be the same or different, each represent a group capable of being bound to the boron atom' 
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23. The polymeric electrolyte according to claim 22, characterized in that the polymeric compound is a copolymer 
further having a structural unit represented by the following general formula (12) 

I 

Z-f-R* -Y] k d 2) 

I 

wherein Y represents a residue of a polymerizable functional group, Z represents a residue of an active 
hydrogen compound, R' represents a divalent group having a molecular weight of at least 150, and k represents 
an integer of 2 to 6. 

is 24. The polymeric electrolyte according to any one of claims 21 to 23, which further comprises an aprotic solvent. 

25. The polymeric electrolyte according to any one of claims 21 to 24 which further comprises an electrolytic salt. 

26. The polymeric electrolyte according to claim 1 8 or 25, characterized in that the electrolytic salt is a lithium salt. 

27. The polymeric electrolyte according to claim 26, characterized in that the lithium salt is one or more sel ected 
from the group consisting of LiBF 4 , LiPF 6 , LiCI0 4 , LiAsF 6 , LiCF 3 S0 3 , LiN(CF 3 S0 2 ) 2 , LiN(C 2 F 5 SO a ) 2 , LiC 
(CF 3 S0 2 ) 3 , LiCI, LiF, LiBr, Lil. derivatives thereof . 

25 28. The polymeric electrolyte according to claim 20 or 24, characterized in that the aprotic solvent is one or more 
selected from the group consisting of carbonates, lactones, ethers, sulfolanes and dioxolanes. 

29. An electric device using the polymeric electrolyte according to any one of claims 17 to 28. 

30 30. A cell in which a positive electrode and a negative electrode are linked through the polymeric electrolyte according 
to any one of claims 17 to 28. 

31 The cell according to claim 30, characterized in that the.positiye electrode is made of a double metal oxide 
capable of occluding and releasing lithium ions, and the negative electrode is made of a Hth.um metal, a Hth.um 
35 alloy or a compound capable of occluding and releasing lithium ions reversibly. 
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